A critical evaluation of existing colorimetric and spectrophotometric methods for the determination of bilirubin in blood plasma is presented. The stoichiometric equivalencesof the reagents used in the diazo coupling reaction are re-evaluated. The elimination of turbidity is discussed,as well as methods using diazo-coupling promoters. Recommendationsare made concerning the preservation of specimens to prevent oxidation and proceduresthat give maximal specificity for the type of bilirubin pigment being assayed.
OUTSTANDING

J0NTIBUTI0NS
to our knowledge of biirubin metabolism in jaundice have recently been made by Lathe and his co-workers (8) . They demonstrated the enzymic biosynthesis of soluble bilirubin esters by the liver, re-emphasized the toxic nature of biirubin, and shed a clear light on the mechanism of the van den Bergh reaction.
The contributions of Schmid (85) and Talafant (92a) in the elucidation of the nature of conjugated bilirubin also were contemporaneous with those of Cole et al. (14) . In view of the stimulating effect this work has had on workers in the field of pediatric biochemistry, it is considered that a review of available methods for the determination of serum bilirubin is timely. In the author's experience, results of serum bilirubin analyses obtained in different laboratories (using the same or different technics) vary to an extent somewhat greater than that found with other routine quantitative tests. There is no universally accepted "normal" range for serum biirubin, a fact probably not entirely dependent on questions of technic. However, one important indication for exchange transfusion of erythroblastotic babies is at present a serum bilirubin level in excess of about 20 mg./100 ml., or alternatively, a concentration increasing at an abnormal rate (110). This clearly indicates the need of reliable methods for bilirubin assay.
WATSON Clinical Chemistry
The problem of finding an accurate and specific method for billrubin assay has for 50 years occupied the attention of many workers. In the clinical laboratory, where problems of human disease confront the chemist most urgently, simplicity and rapidity of analytic procedures have always been at a premium.
For this reason, a comparison of the yellow color of the serum with that of a standard yellow solution was for many years much used clinically as a measure of serum bilirubin.
Precise spectrophotometry of serum bilirubin has been a natural development from such a method.
Measurement of Bilirubin Color
Meulengracht (67) proposed dilution of plasma with saline until the color matched that of a 0.01% potassium dichromate solution. The dilution figure or icteric index was taken to be a measure of biirubin concentration.
Most, if not all, of the frequently occurring turbidities could be overcome by dilution in neutral phosphate buffer (6) , but the presence of traces of hemoglobin still interfered with the test. Attempts have been made to measure serum bilirubin in alcohol or acetone extracts, either by comparing the color with dichromate standardized against biirubin (25, 69) , or by a van den Bergh procedure (78) . The opalescence of such extracts has been a source of trouble, and many technics for its elimination have been suggested (17, 32, 66, 69, 101) . Application of direct colorimetry to serum with the use of light ifiters is inadequate because of the variable amount of nonbilirubin yellow pigment extracted from serum, and Heilmeyer (43) was of the opinion that spectrophotometric measurement of serum gave fictitious values for bilirubin. Nevertheless, in recent years several claims have been made for the satisfactory determination of biirubin by spectrophotometry (1, 29, 87, 103) . White et al. (103) , using a 1 to 51 dilution of serum in phosphate buffer, measured the optical densities at 455 and 575 mp. By difference, they obtained a value considered proportional to bilirubin content and independent of any hemoglobin present. This was then multiplied by a factor derived from the molar extinction coefficients of the two substances dissolved in human albumin, and from the dilution of the serum under test, in order to obtain the bilirubin concentration.
The wavelength of a minor hemoglobin peak, 575 m, was shown by Shinowara to be that at which any hemoglobin absorbance most nearly equalled its contribution at the wavelength of maximal absorption of bilirubin (87) . Methods (1, 62a) using the Sor#{234}t band (415 m) to correct for hemoglobin are not reliable; they give low biirubin values for newborn plasma (100, 103) because of interference by hematin and other pigments in the region of 405-420 m. Shinowara used serum diluted in citrate M/15, pH 7.4, and found the maximal absorbance of bilirubin to occur at 450 m, while White and co-workers (103) obtained a figure of 455 m with phosphate dilution of serum.
Undiluted serum containing added bilirubin has been shown to give a peak absorption of 460 m (61, 70) , and Fog (29) concluded that maxima at lower wavelengths resulted from the influence of slight turbidities which tend to produce higher extinctions at shorter wavelengths.
However, no trace of opalescence occurs under the conditions used by White et at. Furthermore, these investigators were careful to point out that the wavelength chosen was an approximate absorbance maximum, and they recommended their method solely for measurement of bilirubin in the sera of the newborn.
In this connection, it is worth while to recall the earlier work (18) of Davis and Sheard, in 1937. They found a difference in the absorption maximum between sera giving a "direct" and sera showing an "indirect" van den Bergh reaction. The former had a peak at 440-455 mgi, while the latter showed maximum absorption at 458-460 m, observations which were confirmed by Pagliardi and Penali (75). Lathe and co-workers separated in solvents the "direct" and "indirectly reacting" pigments and showed that the polar bifirubin esters (Pigments I and II) had a maximal extinction at 419 m (14) . However it cannot be inferred from this that any of the esters of bilirubin in plasma necessarily have a peak spectral absorption different from that of bilirubin.
Indeed, evidence has been presented suggesting that at least one of the esters of bilirubin has a higher molar extinction coefficient in serum than free bilirubin, even at 460 mj (30, 100) .
One source of error in spectrophotometric assays of serum color with respect to biirubin determination is that due to nonbiirubin yellow pigments (108) . In a well-controlled study of 185 icteric and 55 nonicteric sera, Fog (28) found poor correlation between biirubin assayed by color and bilirubin determined by diazo coupling. Yellow nonbilirubin pigments accounted for 0-40 per cent of the total yellow color measured at 460 m with a correction for hemoglobin and turbidity. On the other hand, most workers (1, 87, 92, 103) jaundice. This is also the author's experience in regard to jaundiced infants with biliary obstruction or cytomegalic inclusion disease. Doubt as to the reliability of spectrophotometric assays originates also in the finding that a small displacement of the entire absorption spectra of biirubin can be brought about by the presence of therapeutic levels of several drugs (72) . In a critical appraisal of adult plasma or serum bilirubin levels, the limitations of spectrophotometric methods must therefore be borne in mind. Because the plasma of newborn babies contains only very small amounts of carotenoids (the color of which is equivalent to less than 0.1 mg. of biirubin per 100 ml.), the use of a spectrophotometric method here offers a rapid and convenient means of assessing hyperbilirubinemia. TJnconjugated biirubin alone can be similarly determined in the sera of infants, after first precipitating conjugated pigment with 80% acetone, as described by Mertz and West (66) . case when equal volumes of serum and reagent are used; but in about half of all the diazo methods proposed, 1 volume of reagent is added to 2 volumes of serum, so that under such circumstances the concentration which may be expected to be coupled is about 31 mg./100 ml. This quantity is derived on the assumption that complete diazotization of sulfanilic acid occurs, that there is no decomposition of the diazonium compound, and that no reaction occurs between it and substances other than biirubin.
The Diazo-Coupling Reaction
In solutions of more than 0.05N, the velocity of diazotization of sulfanilic acid increases with increase in HC1 concentration (95) . van den Bergh reagent (and modifications) contain 0.15-0.25N HC1 and an excess of sulfanilic acid over nitrite requirement-conditions favorable for a maximal yield of diazonium compound.
A variable and not insignificant amount of decomposition may take place, however, unless the reagent is prepared from nitrate-free sodium nitrite and used without delay.
Many amino compounds, including proteins and possibly other substances found in blood plasma, e.g., indican, are known to couple with diazotized sulfanilic acid (20, 40, 41) . DeJong (20) found approximately 9 times the amount of reagent sufficient to couple bilirubin was required to produce the same color from the same amount of bilirubin in a 15% serum solution. From the foregoing, it can be concluded that analytic methods employing 1 volume of the conventional reagent (10 ml. of 0.1% sulfanilic acid plus 0.3 ml. of 0.5%
WATSON Clinical Chemistry
NaNO2) and 2 volumes of serum will be unreliable unless they are standardized against serum containing known added amounts of bilirubin, when a curve will replace the straight-line relationship between biirubin and azo pigment density. It is therefore not surprising that several observers have reported that azo pigment densities deviate markedly from Beer's law when quite low levels of serum bilirubin are exceeded (26, 37, 54, 55, 88) .
The statement by With (109) that "The optimum nitrite concentration is that equiniolar with the concentration of sulfanilic acid" is demonstrably not true. Van den Bergh's reagent contains 38 per cent of the theoretical nitrite requirement of sulfanilic acid. Nitrite in excess of this amount has no effect per se on the rate of coupling (64, 84) . Reagents of higher nitrite-to-sulfanilic acid ratio also decompose more rapidly.
However, reagents of much lower nitrite-tosufaniic acid ratio, e.g., that suggested by Lathe and Ruthven (containing 4% diazotized and 96% undiazotized sulfanilic acid) couple rapidly with serum biirubin when used in sufficient quantity (59) . In approximately 50% methanolic solution, the speed of coupling is roughly proportional to the nitrite-to-serum ratio. Thus, methods incorporating 0.52, 1.08, 1.47, and 1.90 mM of NaNO2 per 100 ml. of serum (59, 60, 62, 104) require 15-30 (22), 10-12 (97), 5-9, and 4-5 mm., respectively, for almost maximal color production with icteric serum.
Bilirubin in serum or plasma diluted with alkali couples directly with diazotized sulfanilic acid (33) . In acid or neutral serum solutions, a promoting agent is necessary for its coupling. Bilirubin must be freed from its albumin attachment and rendered soluble. Presumably alcohols do this by first breaking the salt linkages while benzoate-like substances exert a displacement effect. "Direct bilirubin" consists mainly (8, 48, 85, 93) of soluble esters of bilirubin (monoglucuronides and diglucuronides and sulfate), and in the case of the glucuronides it would appear that the glucuronyl substituent causes the molecule to be attached to protein in such a way that the methene linkages are free and exposed to attack by the diazo reagent.
Of the soluble esters, the diglucuronide (Pigment II) couples with aqueous diazonium compound to give rise to azo pigment B (the corresponding ester of pigment A). Similarly, the ester half of the monoglucuronide (Pigment I) also gives rise to azo pigment B, and Billing and Lathe (8) showed that diazo-coupled Pigment I can be made to produce 40 per cent more azo pigment by addition of alcohol.
Because the nonglucuronide half of this pigment is capable of forming both pigment A and hydroxypyrromethene carbinol (Eq. 1 in Fig. 1 this that most methods of determining "direct biirubin" as azo pigment B estimate the whole of Pigment II and rather more than a half of Pigment I. Since the term "direct bilirubin" has no physiologic significance, future work must be aimed at devising simple quantitative methods for bilirubin esters. Attempted solutions to this problem have recently been offered (22a, 59). Although the absence of biirubin esters in icteric plasma strongly suggests retention or hemolytic jaundice, a knowledge of the quantities of such esters is of very limited clinical value at present.
Analytic methods for "directly reacting" biirubin have been adequately reviewed by Nosslin (71a).
Bilirubin and "Azobilirubin" Standards
Until quite recently the inaccessibility, expense, and gross impurity of many samples of bilirubin (62) The first three substances have absorption curves (57) differing appreciably from those of the azo pigment solutions they were intended to match, while the others are satisfactory only when used under conditions identical to those for which they were designed.
Not only is great care needed to prevent the fading of such solutions, but their chromogenicity when prepared from reagents of good quality occasionally varies from one batch to another.
Other reasons for not accepting an investigator's statement as to color equivalence are obvious. Thus, the production (64, 79) of "azobilirubin"
(but not the optical density of secondary standards) may be reduced in laboratories with low average temperatures. Furthermore, for methods making use of simple colorimeters, the optical qualities of light filters often vary from instrument to instrument.
Cabello-Ruiz (9), using serum fortified with bilirubin, found a maximal optical density for "azobilirubin" at pH 5.9; only 50 per cent of this density was obtained at pH 7.0. This was doubtless due to some hydroxy pyrromethene carbinol formation (negligible extinction at 530 ms), since the diazo reagents employed in the tests at high pH values were deficient in HC1 and therefore in diazonium compound (84) . Nevertheless, the relative extinction of the azo pigments formed on coupling with diazotized sulfanilic acid is influenced by the solvent and the pH of the solution (lOa, 57) and under some circumstances may be altered by the presence of protein (59) . A particularly clear illustration of the effect of protein on the absorption of diazo-coupled bilirubin was given by Seligson (86a). He demonstrated that increases or decreases in plasma albumin concentration, such as commonly occur in disease, tend to move the peak of absorption to a lower value and at the same time reduce the optical density of the "azobilirubin."
Pigment A production may also be influenced by the concentration of the chloroform present (45a). Although the azo compounds derived from Pigments I and II have not been isolated in a sufficiently pure state to enable molar extinction coefficients to be obtained, on the basis of theoretical considerations of structure little difference may be expected between these values and that of the Em of the azo product of free biirubin. It is therefore likely that results of serum analyses will continue to be expressed in terms of free bilirubin.
Different 
Estimation of PlasmaBilirubin After Deproteinization (Table 1)
Methods Involving Measurement of "Neutral Azobilirubin" Hijmans-van den Bergh (45d) mixed in following order serum (2 ml.), alcohol (4 ml.), and their diazo reagent (0.25 ml.). Quantity of bilirubin was assessed on the basis of the resultant color. McNee and Keefer (63) tried to eliminate the frequently occurring turbidity in the final solution by using an additional protein precipitant, saturated ammonium sulfate solution. They mixed serum, reagent, alco- .iIUdI#{176}
liol, and ammonium sulfate in that order, a procedure followed by others (41, 58). Van den Bergh and associates recognized that their attempts to couple bilirubin quantitatively were unsuccessful and also that the main cause for this was the retention of a variable fraction of bilirubin (larger when the latter was in the "direct" state) on the denatured protein precipitate.
This loss was decreased only slightly by the use of salting-out technics. So incomplete was the estimation in sera from cases of subsiding jaundice that the original van den Bergh technic has even been described (5) as useless. However, van den Bergh reverted to the plan of adding diazo reagent to an alcoholic extract, the latter now separated from the precipitate, so as to prevent co-precipitation of azo pigment with the protein (45c). Little improvement was achieved. An exhaustive alcoholic extraction before diazotization has been proposed, but this time-consuming and uncertain practice (111) has understandably not found favor.
Until 1950 the best precipitation method of this type gave low results, sometimes only half the values obtainable by nonprecipitation methods (37). Considerable analytic improvement became available in the method of King and Coxon (55) . Less bilirubin remained protein-bound when ammonium sulfate was added after the diazo reagent and before the alcohol addition (41). King and Coxon claimed by halving the final serum concentration and allowing the coupling to proceed for 30 mm. in the presence of the suspended denatured protein, there was no significant retention of bilirubin ("direct" and "indirect") on the protein, and that the whole of bilirubin added to serum could be recovered.
Bilirubin and its esters in plasma are attached almost exclusively to native albumin (21, 36, 56) , while only the glucuronides of billrubin have an affinity for denatured plasma protein.
Comparative studies with protein-precipitation and nonprecipitation methods (55, 59) suggest that this affinity cannot be overcome by the use of existing precipitation technics in a slightly acid medium. A claim that loss of pigment can be completely avoided by reducing the final serum concentration to 1% (77) has not been confirmed (99) . The precipitation methods discussed so far do not involve any blank tests, either in the serum analyses or in the standardization. Acid hematin would seem to be the principal constituent other than azo pigment likely to give appreciable light absorption. Little information concerning this interference can be found in the literature.
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Laurence and Abbott (60) added to samples of serum containing 3.4 mg. of bilirubin per 100 ml. 1, 2, 3, and 6 gm. of hemoglobin per 100 ml. of serum and, using the method of King and Coxon, found 3.7, 4.0, 4.5, and 6.0 mg. of bilirubin per 100 ml. of serum, respectively. Since no simple means exists of destroying bilirubin without altering hemoglobin, or of destroying azo biirubin without affecting acid hematin in an alcoholic solution at pH 4, it is difficult to see how, in practice, a blank comparable to that employed in other procedures could be incorporated into these methods.
Methods Involving Measurement of "Acid Azobilirubin"
The color of the azo pigments produced by coupling serum bilirubin with van den Bergh reagent in alcoholic solution becomes bluer as the acidity is increased.
Below a pH of about 0.8, an acid "azoblue" is formed with a greater molar extinction coefficient (57, 91) than that of the corresponding pink azo pigment. Also, the absorption curve of the blue pigment is affected to a lesser extent than is the pink pigment when the pH is slightly altered (lOa, 43, 57). Unfortunately, in the first method of this type proposed (94) only a small and variable fraction of serum bilirubin was estimated because there was insufficient alcohol (37%) to give maximal coupling; frequent turbidities in the final solutions were also encountered. A good example of a method of this type is that of Laemmer and Beck (58) . Their reagent mixture contained 73% alcohol, and the time allowed for coupling, although not specifically considered by them, was about 25 miii. Concentrated HC1 was finally added to an aliquot of the pink supernatant solution. Recently, a modification of this method was proposed by Stoner and Weisberg (91) . Coupling takes place in alcoholic HC1 containing one-tenth of its volume of saturated ammonium sulfate. This is a departure from previous practice, inasmuch as the strong acid is added before the addition of the protein precipitant and coupling promoter (ammonium sulfate and ethanol). Stoner and Weisberg claimed that all cloudiness in the final solution is avoided and that protein is precipitated without carrying down any bilirubin. It is also probable that any azo pigment B formed would be hydrolyzed to pigment A, which, because of its less polar nature, is less likely to be co-precipitated with protein. The method is designed for analyses on 0.02 or 0.05 ml. of serum without serum blank tests, and it requires a spectrophotometer capable of measuring optical densities through a stratum length of 1 cm. with a volume of fluid not more than 2 ml. Rice (82) recommended it as possibly an ideal analytic procedure, but gave no supporting evidence. Table 2 summarizes some of the conditions under which methods of this class have been carried out. With the exception of one method (86) which entails heating the serum and reagents at 40#{176}, all are modifications of the method of Malloy and Evelyn. The latter workers showed that following the coupling process, a solution containing 4% serum and 50% methanol would produce almost the maximal yield of azo pigments without precipitation of protein.
Methods for Determination of Plasma Bilirubin not Involving Protein Precipitation Diazo MethodsEmploying an Alcoholas CouplingPromoter
The mixture was allowed to stand for 30 mm. In order to obtain more accurate results with a serum concentration lower than that previously used, the final pigment color was measured in a 2-cm. cuvette, a device overlooked by many critics (19, 105, 109) . However, of the methods listed in Table 2 , those employing a serum concentration of more than 4% are subject to occasional turbidities in the final solution, and this cannot always be overcome by the use of serum "blanks" because turbidities in the latter often exceed those in the test solutions.
For the same reason, micro modifications designed chiefly to obtain results for use as a guide in the treatment of jaundiced infants (10, 35, 46, 59, 60) cannot in general be scaled up by increasing the amount of serum in the analyses.
Opalescent solutions of azobiirubin are inevitably obtained.
The method of Graham (35) which uses 75% final alcohol concentration is also subject to this restriction. Decreasing the methanol concentration to 40% may reduce the turbidity, but at this concentration diazo coupling is incomplete (62a). White and Duncan (104) demonstrated that the Malloy-Evelyn method may be inaccurate for sera containing more than 15 mg. of bilirubin per 100 ml., unless the serum is further diluted before the analysis is done. The concentration of nitrite in the test mixture is equivalent to 0.52mM NaNO2 per 100 ml. of serum. Since 1 mM NaNO2 292 mg. of bilirubin, the maximal concentration of bilirubin which can be coupled in protein-containing solution is approximately 17 mg./100 ml. A similar consideration applies to a micromodification (10) of the parent method of this class in which even less diazotized sulfanilic acid is employed. .0
The parent method has been criticized by Scandinavian workers (19, 28, 105, 109) who suggest that incomplete azo-coupling takes place in 50% methanolic solution under the conditions used by Malby and Evelyn. Deenstra (19) found lower serum bilirubun values by this method than by a caffeine-benzoate coupling method. This finding has not been confirmed. With (105) Results obtained by the former method were consistently higher than those given by the latter one. The reverse findings were obtained, however, by Ducci and Watson (22) using the unmodified alcohol method. Ducci and Watson recommended reading the color (MalloyEvelyn method) 15 miii. instead of 30 mm. after the methanol addition, but the temperature of the coupling process was not considered. A laboratory temperature of at least 22#{176} is required for maximal coupling (64) , and lower working temperatures may well account for the lower rates of coupling found by Malloy and Evelyn, as well as possibly for submaximal coupling found by the Norwegian workers. A modification by Laurence and Abbott of the parent method employed a twofold increase of diazonium compound per ml. of serum, less alcohol, and a greater acidity (60) . Using this method, Vella (97) showed that the maximal density of azo pigment appeared after about 10 mm., unless the serum was visibly hemolyzed, in which case a reaction time of 30 mm. was required.
Standard solutions always required at least 30 miii. to develop their full color, but these are not strictly comparable with serum analyses, as they contain chloroform and no protein.
Although false high results are obtained by the Laurence-Abbott method when more than 1 gm. of hemoglobin per 100 ml. serum is present, raised levels of bile pigment estimated either by this method or by that of Lathe and Ruthven (59) are not significantly affected by smaller degrees of hemolysis (60, 98) . The omission of a blank test in the method of Laurence and Abbott explains the apparent anomalous increase caused by the presence of hemoglobin.
Weech et at. (101) first reported that low results were obtained when hemolyzed specimens were analyzed by the parent method. Subsequently, only a few studies of the influence of hemoglobin on other methods of this class have been carried out (62b, 98, 103) , but it would appear that even 0.2 gm. of hemoglobin per 100 ml. may completely invalidate results in the case of sera with low bilirubin levels.
Blanks serum tests in methods of this class show brown colors proportional to the extent of acid-hematin formation in the reaction mixture and therefore to the final serum concentration.
In addition, the coupling of bilirubin is progressively inhibited by increasing amounts of heme protein which reduce the amount of diazonium compound available for bilirubin coupling (62b, 98) . This effect is inversely proportional to the nitrite-to-serum ratio. Thus it can be shown ( Table 2 Methanol alone among the alcohols has been used for this type of determination, although for some protein precipitation methods the considerably cheaper isopropyl alcohol has been recommended in place of ethanol (53). In nonprecipitation methods, isopropanol or possibly other higher alcohols might be expected to replace methanol advantageously, since the solvent action on the lipophilic groups of bilirubin should facilitate its liberation from protein and the subsequent coupling.
Diazo Methods EmployingOther Coupling Promoters
Studies on the use of caffeine-sodium benzoate for accelerating the coupling of "indirect" bilirubun were first made in Hungary. In a method devised by Enriques and Sivo (24) , 0.4 ml. of serum was treated with 0.5 ml. of caffeine-sodium benzoate (20% aqueous solution) and 0.2 ml. of diazo reagent.
The resulting color was compared after 10 min. with that similarly produced from a known amount of bilirubin.
Not all sera gave consistent shades of red color with this technic (50). Also, it was later realized by Sivo that his values for normal sera were too high (89) , and incredible as it seems today, it did not occur to him to apply a blank correction (90) . Because of this deficiency, the work of Sivo and Enriques appears to have been almost entirely overlooked.
Their method, suitably corrected, gives normal values of 0.5-1.2 mg./100 ml. (52), levels accepted by many workers.
It is interesting, therefore, that following proposal of a considerable number of methods for bilirubin estimation (in the presence of a nonalcoholic promoter), each more complex than its predecessor, there has been a return to assays of simpler types. As an example of this, an analysis of 0.4 ml. of serum by a recent method (88) would seem to require 0.15 ml. of diazo reagent and 2.45 ml. of sodium benzoate (10% aqueous)-conditions not dissimilar to those of Enriques and Sivo (24) .
Current methods and the most important earlier ones employing various coupling promoters are described in Table 3 . The details of the experimental bases on which some of these methods are founded have not been published.
It was first considered that caffeine had no ability to promote coupling, sodium benzoate being an active agent in this respect (50, 102) . Recently, benzoate has been found to have a less powerful promoting effect than a benzoate-caffeine mixture (65) . The matter is of interest in view of the fact that caffeine has been reported as exceptional among the coupling promoters in its capacity to disrupt the protein bonding in such a way as to allow the bilirubin to become dialyzable (31) . On the other hand, there is no doubt that many anions, including those of benzoate, salicylate, phthalate, some hemun derivatives, and sulfonamides containing pyrimidine or azole substituents, can compete with biirubin molecules for attachment within the surface folds of serum-protein particles (72) .
The ability of strong urea solutions to dissolve certain proteins is well known. Urea and caffeine buffered at pH 3.2 were used in the method of Rappaport and Eichhorn (81) , but this mixture has' been shown to be inefficient as a coupling promoter (37, 38). Powell used 3-4 times the concentration of sodium benzoate (relative to serum) previously employed and found this to be still insufficient for maximal coupling of biirubin; when urea was also incorporated in the mixture, a clearer final solution was produced containing more azo pigment (80) . Coupling in a benzoate solution (8.5%) without urea has been suggested (88) , but this is not advisable as turbidities may occur,, especially when hemolysed plasma is used (88, 98) .
Repeated and evidently unheeded claims have been made that the procedure devised by Jendrassik and Gr#{243}f is the method for serum biirubun determination par excellence (27, 105, 106, 109) . Unlike most other methods of this class, the coupling promoter which contains sodium acetate, is added before the diazo reagent.
After a period of 10 mm. for coupling, an excess of alkali (10% w/v sodium potassium tartrate 35% w/v) is added, and the optical density of the blue pigment measured at 600 m. A correction for nonbiirubin chromogens is applied by making the test with HC1 in place of diazo reagent.
A reagent blank test produces a lemon-yellow color upon the addition of alkali to the diazo reagent, but this has a negligible 
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extinction at 600 m. With and others (19, 107, 109) claim that more rapid coupling and significantly higher results for serum bilirubin are given by this method than by that of Malloy and Evelyn. Ducci and Watson (22) , however, reported the reverse finding. Indeed, an earlier procedure of Jendrassik (49), in which no alkali was added to the azo pigments, was found (62) All the methods of the present class are subject to considerable errors when hemolyzed serum is used. Sims and Horn (88), using benzoate as coupling agent, demonstrated, using a serum containing 0.5 mg. of bilirubun per 100 ml., a more adequate correction for hemolysis when colorimetric readings were made at 525 mjh, an isosbestic wavelength for oxyhemoglobun and methemoglobin. But this correction is of value only for those sera which contain normal levels of bilirubin and invisible amounts of hemoglobin.
For icteric sera which contain 200 mg. of hemoglobin per 100 ml.-an amount not detectable by eye in the presence of 20 mg. of biirubin per 100 ml., but just perceptible at the 10 mg. of bilirubun per 100 ml. level-the method of Powell and that of Sims and Horn may give results 20-30 per cent below the true bilirubin value (98) .
Miscellaneous Methods
Early demonstrations
of the presence of biirubun in blood serum were made by means of oxidation with ferric chloride (39) and with nitric acid (34) . Quantitative methods based on the oxidation of bilirubun to green or blue pigments (commonly thought to be biiverdin) are rather less sensitive than those based on diazo coupling, although it is possible that oxidation of serum biirubin in a glacial acetic acid solution of an aromatic sulfonic acid may yet provide a simple direct estimate of total bile pigment. Methods based on the production of colored pyrromethene tautomers with the aid of concentrated HOl (44, 45f) or syrupy o-phosphoric acid and nitrous acid (12, 13) have not proved acceptable, owing to inadequate control of the hydrolytic and oxidation processes.
Although not generally recognized (105, 109) , oxalated or heparinized plasma normally contains some 4-8 per cent more bile pigment than serum (50, 83, 100). Presumably, a small amount of pigment is destroyed or absorbed by fibrin during the clotting process. In several recent publications (15, 73, 88) , the necessity for keeping plasma samples away from sunlight or artificial light prior to carrying out biirubun determinations has been stressed, and particular care is required with infant blood specimens since biirubin is more than twice as photosensitive as bilirubin esters in plasma or serum (15) . Specimens taken from patients with acute biiary obstruction that contain bilirubin diglucuronide often show an appreciable amount of pigment oxidation upon standing.
It is advisable, therefore, that analyses should be performed as soon as possible after the collection of the samples. Alternatively, ascorbic acid powder may be added in quantity sufficient to prevent oxidation without interfering with the diazo reaction.
For accurate determination of low values, the more satisfactory methods are those modifications of the Enrique-Sivo method which use acid azo pigment, i.e., that of Bruckner (7), or alkaline azo pigment, i.e., that of Jendrassik and Gr#{243}f (51) as an end point device. For laboratories dealing almost exclusively with specimens of newborn plasma, it would seem that the most useful and valid procedure is the Lathe-Ruthven modification (59) of the Malboy-Evelyn method. To-date, this is the only diazo method not significantly affected by heme pigments, which are present in about one-third of the specimens obtained from the jaundiced newborn (98-100).
For reasons discussed above, the values for total biirubun obtained by the spectrophotometric method of White et at. (103) occasionally differ from those found by diazo methods.
Moreover, if a spectrophotometric method is routinely used, another technic (at least a qualitative one) for bilirubun esters is sometimes required.
The choice of a general-purpose method covering the complete range of biirubin concentrations encountered is more difficult to make; reasons for this are clear, on the basis of the discussion above.
In a routine laboratory, it may not be possible to employ some desirable methods (77, 91) because of the inaccessibility of specialized equipment. The methods of Meites and Hogg (64) and Powell (73, 80, 96) have the advantage of rapidity and involve few manipulative steps. Whatever method is chosen, reliable results can be obtained only if the analyses have been primarily standardized with hemoglobin-free serum or plasma containing known amounts of biirubun covering the requisite range of concentrations.
